The refractive index of a monocrystalline diamond has been significantly increased along buried micro-channels by means of proton implantations using a scanning focused micro-beam, leading to the direct fabrication of 50 µm deep waveguides below the diamond surface. A phase-shift microinterferometric method has been applied to the observation of the fabricated structures, obtaining evidence of light propagation in guided modes inside the modified regions
material ablation to create structures such as photonic cavities and waveguides. In comparison, direct ion micro-beam writing [12] , a technique extensively employed in a range of materials including polymers [13] and glasses [14] , could offer unique opportunities for a more rapid prototyping of micro-photonic devices, exploiting also a refraction index contrast much lower than that between diamond and air, which can be produced by ion irradiation damage. Moreover, since the same methodology (with much higher irradiation fluences) can be employed in diamond for fabrication of structures such as microfluidic channels, direct
beam writing could open the way to biosensing applications through the production of "labon cells" where the cells can be chemically and/or optically stimulated and their optical responses collected by means of an integrated optics.
In this letter we report on a method to create local modifications of the optical properties of diamond, as very small refractive index variations buried in the diamond bulk material, using a MeV proton micro beam. We exploited our previous extensive work on the optical modifications induced in diamond by 3 MeV proton irradiation [15] , to obtain controlled increments of the refractive index in rectilinear, 500 µm-long, 12 µm-wide structures below the diamond surface, down to a depth of about 50 µm.
In other contexts, microscopic images are exploited to indirectly calculate the variations in refractive index induced by ion irradiation [14, 16] . We use a quite different approach:
we are able to design a refractive index profile in two or three dimensions and to realize it by micro-beam writing, then we can measure directly the modes amplitude profile with a phase-shift micro-interferometric technique and compare it with the modes amplitudes previously calculated on the basis of the designed refractive index distribution.
To perform this study, three adjacent faces of a 3.0 × 3.0 × 0.5 mm 3 sample of type IIa single-crystal chemical-vapor deposited diamond, cut along the 100 axes, were optically polished down to a roughness of some nanometers, and then implanted at the external scanning microbeam facility of the LABEC laboratory in Florence [17] . instrument. We show now that these phase maps can be interpreted as a direct measurement of the amplitudes of the modes propagating along the guide.
Let the electric field on the plane Π (in the polarization direction) be described by the real part of the function
If the structures under consideration have a cross-sectional dimension comparable to that of the wavelength of the radiation, the radiation emerging from the diamond will be given by a principal plane-wave part plus a perturbation produced by the structures themselves.
Consequently, the field on the plane Π will be given by the sum of three contributions: a principal part given by the back radiation reflected by the mirror M a secondary field deriving from the reflections on the surfaces of the sample, which is
and a perturbation given by the contribution to the field of the structures under consideration. If the field can be considered as guided by the structures, this contribution can be simply written as
were the function f (x, y) is the amplitude map of the mode.
If E R and f are both small compared with E 0 , the phase difference ∆φ = φ (x, y) − φ 0 , measured by the instrument, is given, at the lowest order, by:
Consequently, once the contribution of the reflections has been fitted and subtracted, the map of ∆φ is simply proportional to the amplitude map of one of the modes which can given by ref. [15] for the real part, while the imaginary part follows from data to be published in a forthcoming work. The result is ∆n = (4.20 + 2.88i) × 10 −23 dN vacancies dV /cm 3 .
FEM simulations were carried out using the RF module of COMSOL Multiphysics -(http://www.comsol.com). Specimen geometry was reproduced and meshed using quadrilateral elements, using Eq.6 for the refractive index variation in the adjacent waveguides. The value used for the refractive index of unimplanted diamond was n 0 = 2.41. Simulations yield the effective mode index (i.e. the propagation constant) of the confined modes in the waveguides and the corresponding electric and magnetic field amplitude distributions.
These data can be compared to the experimentally measured maps. In figure 3 From the inspection of these images we conclude that the adherence of the fit to the experimental bi-dimensional profiles is very good in the cap layer between 0 and about 45 µm in depth, where the relative damage is small, while at end-of-range the structures seem to be more diffuse, probably due to the distortion induced by diffraction on the highly opaque regions, which lies under the plane Π (see Fig.2 ) in correspondence with the considered structures.
In conclusion, there is sufficient evidence that the ion-beam writing method proposed in this letter gives the possibility to fabricate light-guiding structures in bulk diamond.
Moreover, the micro-interferometric measuring method briefly exposed here provides means for a highly detailed study of the mode patterns propagating in the waveguides. 
